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Topicality. Sunflower is a climate-demanding crop that requires a significant moisture availability 
during the growing season. This crop requires the development of adaptive components of technology in 
accordance with the soil and climatic conditions of the region. Problem definition. Under high anthropo-
genic pressure, the water regime of the soil can deteriorate significantly; therefore, resource-saving cultiva-
tion technologies should be developed based on optimising tillage methods using straw and other non-
commodity parts of the harvest as fertiliser, which ensure the accumulation and most rational utilisation of 
moisture. Purpose. To establish the influence of tillage and fertilization systems with the use of by-products 
on moisture availability and productivity of sunflower in crop rotation of the Western Forest-Steppe of 
Ukraine. Materials and Methods. Long-term stationary experiment. Tillage systems (ploughing at a depth of 
25–27 cm, disking at 15–17 cm and 10–12 cm with periodic deep loosening at 35 cm). Fertilisation systems: 
1) without by-products; 2) by-products; 3) by-products + N10 (ammonium nitrate) per 1 ton. The reserves of 
productive moisture were determined by the thermostatic weight method at two stages (seedlings, full ripe-
ness). Results. The highest reserves of productive moisture (140.7–144.0 mm) in the 0–100 cm soil layer at 
the sunflower seedling emergence were observed in the variant of ploughing with different use of by-
products. At full ripeness stage of sunflower, the reserves of productive moisture in all variants were ex-
hausted and significantly decreased in the upper 0–20 cm soil layer to 7.3–11.4 mm and in the one-metre 
soil layer to 77.2–104.6 mm. The highest seed yield of sunflower was 2.15–2.42 t/ha in the variant of  
ploughing with different use of by-products in the fertilisation system, and the lowest yield was 1.68–
2.02 t/ha in the variant with disking at 10–12 cm depth. The introduction of by-products and by-products + 
N10 in the fertilisation system under different tillage systems contributed to an increasing of sunflower seed 
yield to 2.08 and 2.23 t/ha, respectively. Conclusions. The influence of tillage systems and fertilization with 
by-products on the moisture availability of sunflower crops in the conditions of the Western Forest-Steppe of 
Ukraine was established. The reserves of productive moisture under sunflower crops decreased by  
39.4–57.7 mm in the one-metre soil layer during the harvesting period compared to the beginning of the 
growing season. The use of by-products in the fertilisation system in sunflower cultivation technology in-
creased the reserves of productive moisture in the 0–100 cm soil layer by 8.4–14.1 mm during the growing 
season, compared to the variants without by-products. The positive influence of tillage and fertilization sys-
tems on the structural elements of the sunflower crop was determined. 
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Introductions. Given climate change and 

lower soil moisture levels, agrarians are trying 

to find ways to increase yields even under such 

conditions. One of the main ways is to select the 

most effective soil tillage system. At the same 

time, agriculture is faced with the need to transi-

tion to new rational crop cultivation technolo-

gies, which widely use the principle of minimiz-

ing technological operations and introduce ele-

ments of organic farming using straw and other 

non-marketable parts of the harvest as fertilizer, 

in addition to mineral fertilizers [1, 2]. 

The formation of optimal moisture re-

serves available to plants is the main factor limi-

ting the high productivity of agricultural crop 

phytocenosis. A sufficient level of moisture sup-

ply to plants creates conditions for the more 

complete utilization of their potential, which 

manifests itself in the formation of highly pro-

ductive crops [2–4]. 

Global warming is causing a redistribution 

of cultivated areas, with an expansion in the cul-
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tivation of drought and heat resistant crops such 

as sunflowers. Sunflower cultivation is becom-

ing widespread without in-depth scientific justi-

fication and is risky in terms of soil require-

ments and moisture supply. This crop requires 

the development of adaptive technologies in 

accordance with the soil and climatic conditions 

of the region [5]. Conventional cultivation tech-

nologies require improvement in the new condi-

tions in order to save resources and increase the 

profitability of grain production. This can be 

achieved by minimizing primary tillage and 

replacing moldboard plowing with non-

moldboard plowing [6, 7]. 

Soil tillage affects the structure and physi-

cal properties of the arable layer (it creates a 

favorable water regime and good conditions for 

biological processes, which leads to the accu-

mulation of nutrients necessary for plant 

growth), and carbon dioxide is removed from 

the soil, which improves plant photosynthesis 

and controls weeds, pests, and diseases [8]. 

Turning over the arable layer affects the redis-

tribution of nutrients enriched with available 

nutrients throughout the arable layer due to the 

upper part, resulting in an increase in overall 

soil productivity. However, this process can be 

destructive, as when the moist layer is turned 

over to the soil surface, it dries out quickly. Ac-

cording to scientists of the Institute of Oil Crops 

of NAAS of Ukraine, the best biometric indica-

tors and the highest seed yield (3.45 t/ha) were 

obtained with moldboard plowing to a depth of 

20–22 cm, and with non-moldboard plowing to 

the same depth – 0.24 t/ha less [9, 10]. 

Sunflowers have a highly branched tap-

root system that penetrates the soil to a depth of 

120–300 cm. The plant is demanding in terms of 

moisture, although it is quite drought-resistant. 

Sunflowers consume large amounts of water 

during the growing season. Sunflowers consume 

1.5–2 times more water per unit of dry matter 

than grain crops, especially in dry years [11, 

12]. The yield of sunflowers depends largely on 

soil moisture reserves, which are necessary for 

seed germination, transpiration, thermoregula-

tion, the absorption of nutrients by the plant, 

and its proper functioning throughout the grow-

ing season. Moisture reserves accumulated be-

fore the formation of inflorescences are of para-

mount importance. Sunflowers consume up to 

25 % of moisture before the formation of flower 

buds, a quarter of what they consume during the 

growing season, 40–50 % – from the formation 

of flower buds to flowering, and 30–40 % – 

from flowering to ripening [13–15]. 

Sunflowers consume moisture from seed-

ling to flower bud formation from precipitation 

and from the 0–60 cm horizon. After flower bud 

formation, water consumption occurs mainly 

from reserves located below 40–60 cm, even in 

wet years. Sufficient moisture supply of sun-

flowers during the flowering and seed filling 

stages (critical period) is crucial for the for-

mation of a full-fledged harvest. Insignificant 

moisture reserves remain in the soil during the 

period from flowering and ripening period. In 

most years, these reserves are insufficient, cau-

sing plants that ripen prematurely and produce 

thin seeds with low oil content. Therefore, it is 

necessary to determine the conditions favoura-

ble for the growth and development of sunflow-

er plants, moisture supply processes, and har-

vest formation [16, 17].  

Sunflower is a highly demanding crop in 

terms of soil fertility. The total nutrient removal 

with a seed yield of 2.0–2.5 t/ha is 120–

140 kg/ha of nitrogen, 50–65 kg/ha of phospho-

rus, and over 300 kg/ha of potassium. The level 

of nutrient consumption depends on many fac-

tors, including the dates and methods of fertili-

zer application, moisture supply, weather condi-

tions, and the genetic characteristics of the vari-

ety or hybrid. Maintaining high agroecosystem 

productivity in conditions of scarce technogenic 

resources requires compensating for them by 

using by-products in crop fertilisation [18, 19]. 

According to research results, the application of 

mineral fertilisers contributed to an increase in 

the yield and quality of sunflower seeds and 

ensured the formation of seed yields at 3.5–

4.5 t/ha, with a high oil content of 49–52 % [20]. 

Given current production conditions, max-

imising sunflower productivity is only possible 

when all agrotechnical methods appropriate for 

a specific area are followed. So, we need to 

know how agrotechnical factors affect sunflo-

wer moisture supply and yield formation. 

The study was aimed at determining the 

effect of soil tillage and fertilisation systems 

using by-products on moisture supply and sun-

flower productivity in crop rotation in the West-

ern Forest-Steppe of Ukraine. 

Materials and Methods. The study was 



 

312                     Grain Crops. Vol. 8. No. 2. 2024. P. 310–316                          https://doi.org/10.31867/2523-4544/0348                    

conducted at the Institute of Agriculture of the 

Western Polissia of NAAS of Ukraine in a long-

term stationary experiment in a four-field short-

term crop rotation: winter wheat – soybeans – 

maize – sunflower. The experiment studied 

three soil tillage systems: ploughing to a depth 

of 25–27 cm, disking to a depth of 15–17 cm, 

and disking to a depth of 10–12 cm. On variants 

with disc tillage systems, periodic deep loose-

ning to a depth of 35 cm was carried out using a 

HRU-2.7 deep loosener after 2 years in the crop 

rotation. Ploughing for sunflowers was carried 

out using a PLN-3-35 plough, and disking using 

an AH-2.4-20. The experimental design inclu-

ded three fertilisation systems: 1) no by-pro-

ducts; 2) by-products; 3) by-products + N10 (am-

monium nitrate) per 1 tonne of winter wheat by-

products. The by-product yield was 7.0–8.0 t/ha. 

The experimental plot soil is dark grey 

podzolised with a humus content of 1.9 % in the 

0–20 cm layer, mobile forms of phosphorus and 

potassium (according to Kirsanov) of 254 and 

110 mg/kg, respectively, and easily hydroly-

sable nitrogen (according to Kornfield) of 

87 mg/kg. The area of the registration plot was 

100 m
2
, the experiment was repeated three 

times. The crop cultivation technology was 

standard. The mineral fertiliser rate (back-

ground) for sunflowers was N70P35K60. Fertili-

sers were applied in the form of ammonium 

nitrate, potassium chloride and ammophos. Pro-

ductive moisture reserves in the 0–100 cm soil 

layer were determined by the thermostatic-

weight method on sunflower crops in two stages 

(sprouting, full seed ripeness) in all variants of 

the experiment in two non-contiguous repetitions. 

Hydrothermal conditions during certain 

periods of sunflower plant development devia-

ted from the long-term average and affected the 

productive moisture reserves in sunflower crops 

(Table 1).  

According to data from the Rivne Oblast
 

Table 1. Weather conditions, 2022–2023 
 

Years 
Month 

April May June July August September 

 Average daily air temperature, °С 

2022  6.4 13.2 19.5 22.8 17.8 12.4 

2023  11.6 15.8 19.6 21.6 17.9 14.8 

Long-term average 9.0 14.5 19.5 22.2 17.8 13.6 

 Total precipitation, mm 

2022  104.9 66.2 58.5 91.7 134.2 108.9 

2023  33.9 28.7 115.0 162.7 69.6 60.4 

Long-term average 69.4 47.5 86.7 127.2 101.9 84.6 
 

Center for Hydrometeorology, July is the hottest 

month, with an average monthly air temperature 

of 22.2 ºС. According to long-term average data, 

517.3 mm of precipitation falls during the active 

growing season.  The highest amount of precipita-

tion falls in July – 127.2 mm. 

Results and Discussion. Determination of 

the dynamics of productive moisture content in 

the soil under sunflowers shows that moisture 

accumulation in the soil depended on tillage and 

fertilisation systems using by-products. The 

average productive moisture reserves in the 

spring during the sprouting period in a one-

metre layer of soil over the years of research 

were: after ploughing – 130.9–144.0, disking at 

15–17 cm – 131.5–132.6, disking at 10–12 cm – 

132.3–141.7 mm (Table 2).  

At the time of sunflower seedlings emer-

gence, higher reserves of productive moisture 

(140.7–144.0 mm) were observed in the 0–100 cm 

soil layer in the ploughing variant with different 

use of by-products.  

The productive moisture reserves in the 

variants of disking at 15–17 cm and 10–12 cm 

with the use of by-products and mixture of by-

products + N10 were 132.6 and 132.3–141.7 mm, 

respectively, in the one-metre soil layer and did 

not differ significantly compared to ploughing. 

Soil moisture evaporated during plant 

growth and development. During the sunflower 

harvest period, productive moisture reserves 

were depleted in all variants and decreased sig-

nificantly in the upper 0–20 cm soil layer to 

7.3–11.4 mm and in the one-metre soil layer to 

77.2–104.6 mm.  In the variants with disc tillage 

systems and the use of by-products in the fertili-

sation system, the accumulation of moisture in 

the one-metre layer of soil was observed to be
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Table 2. Dynamics of productive moisture reserves in the soil under sunflowers  

depending on soil tillage and fertilisation systems, mm 
 

Soil tillage 

(factor А) 

Fertilisation 

(factor В) 

Layer, 

 cm 

Year  
Average 

2022 2023 

sprout-

ing 

harvest-

ing 

sprout-

ing 
harvesting sprouting harvesting 

Ploughing 

at 25–27 cm  

 

no  

by-products 

0-20 18,0 7,3 27,4 10,9 22,7 9,1 

0-100 106.6 129.5 155.2 25.0 130.9 77.2 

with by-

products 

0-20 23.1 7.8 20.2 9.4 21.6 8.6 

0-100 134.0 138.3 154.0 34.0 144.0 86.1 

by-products 

+ N10 

0-20 29.8 10.2 24.2 11.8 27.0 11.0 

0-100 139.9 136.7 141.4 46.7 140.7 91.7 

Disking 

at 15–17 cm  

with periodic 

deep loosen-

ing 

 at 35 cm 

no  

by-products 

0-20 28.2 11.4 18.4 10.2 23.3 10.8 

0-100 137.2 122.4 125.9 48.8 131.5 85.6 

with by-

products 

0-20 26.5 7.6 17.3 8.2 21.9 7.9 

0-100 136.5 133.4 128.7 65.8 132.6 99.6 

by-products 

+ N10 

0-20 23.9 7.9 17.0 9.1 20.4 8.5 

0-100 144.8 138.4 119.5 70.8 131.1 104.6 

Disking 

at 10–12 cm  

with periodic 

deep loosen-

ing 

 at 35 cm 

no  

by-products 

0-20 25.4 12.2 23.9 10.6 24.6 11.4 

0-100 131.7 129.1 136.1 51.9 133.9 90.5 

with by-

products 

0-20 25.0 9.6 14.2 6.4 19.6 8.0 

0-100 132.2 133.6 132.5 52.8 132.3 93.2 

by-products 

+ N10 

0-20 27.8 9.1 23.4 5.5 25.6 7.3 

0-100 140.3 144.1 143.2 60.1 141.7 102.1 

Factor А 

0-20 1.1 0.9 1.8 1.2 1.5 0.9 

0-100 2.1 1.7 2.6 1.9 2.3 1.8 

Factor В 

LSD05                

0-20 1.4 1.5 1.5 1.9 1.2 1.0 

0-100 2.4 2.7 1.8 1.5 2.1 1.9 

Interaction АВ 
0-20 1.2 1.3 0.6 0.8 1.5 1.3 

0-100 2.1 2.2 1.9 2.0 2.2 1.8 
 

higher than in the variants with ploughing. The 

highest productive moisture reserves in the one-

metre soil layer during the sunflower harvest 

period were recorded for the 15–17 cm and 10–

12 cm disking variants with different use of by-

products, and amounted to 99.6–104.6 mm and 

93.2–102.1 mm, respectively.    

It was established that the use of soil til-

lage and fertilisation systems ensured an in-

crease in sunflower yield on average for 2022–

2023 (Table 3, Fig. 1).  

   
Table 3. Sunflower yield depending on soil tillage and fertilisation systems, t/ha 

 

Soil tillage 

(factor А) 

Fertilisation 

(factor В) 

Year 

A
v

er
ag

e 
fo

r 

2
0

2
2
-2

0
2

3
  

Average by factors 

factor А factor В 

2022 2023 

y
ie

ld
 

±
 d

ev
ia

ti
o
n

  

fr
o
m

 c
o
n

tr
o

l 

y
ie

ld
 

±
 d

ev
ia

ti
o
n

  

fr
o
m

 c
o
n

tr
o

l 

1 2 3 4 5 6 7 8 9 

Ploughing 

at 25–27 cm  

 

no by-products 2.27 2.03 2.15 

2.28 - 

1.89 - 

 by-products 2.38 2.14 2.26 2.01 0.12 

by-products + N10 2.55 2.29 2.42 2.23 0.34 
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The highest yield was observed in the var-

iants with ploughing and disking at 15–17 cm 

with different use of by-products and amounted 

to 2.15–2.42 and 1.85–2.25 t/ha, respectively.  It 

was found that ploughing increased yields by 

0.23 and 0.41 t/ha compared to disking at depths 

of 15–17 and 10–12 cm. 

The study found that the minimum sun-

flower yield of 1.68 t/ha was obtained in the 

variant without by-products at 10–12 cm disk-

ing, and the maximum yield of 2.42 t/ha was 

obtained in the ploughing variant with the use of 

by-products + N10. The indicators of yield at-

tributes depended to a certain extent on soil till-

age and fertilisation systems. In particular, their 

influence on the diameter of the sunflower head 

and seed weight was noted. 

The average diameter of the sunflower
 

 
 

Fig. 1 The effect of tillage and fertilisation systems on sunflower yields,  

 average for 2022–2023 р. 

 

head increased under tillage and fertilisation sys-

tems with different use of by-products: from 20.0 

to 21.0 cm under ploughing, and from 19.8 to 

20.5 cm under disking at a depth of 15–17 cm. 

In the ploughing and disking variants with the 

use of by-products + N10, the seed weight in-

creased to 47.6 g and 46.3 g, respectively. 

Conclusions. The effect of soil tillage and 

fertilisation systems with the use of by-products 

on the moisture supply of sunflower crops in the 

conditions of the Western Forest-Steppe of 

Ukraine was established. Productive moisture 

reserves during the sprouting period were 

130.9–144.0 mm in the one-metre soil layer, 

depending on soil tillage and fertilisation sys-

0

0,5

1

1,5

2

2,5

Оранка 25-27 см Дискування на 15-17 см 

з періодичним глибоким 

розпушенням на 35 см 

Дискування на 10-12 см 

з періодичним глибоким 

розпушенням на 35 см 

2,15 

1,85 
1,68 

2,26 
2,05 

1,92 

2,42 
2,25 

2,02 

Y
ie

ld
, 
t/

h
a 

Soil tillage 

без побічної продукції побічна продукція побічна продукція + N 

Table 3 continuation 

1 2 3 4 5 6 7 8 9 

Disking 

at 15–17 cm  

with periodic 

deep loosening 

 at 35 cm 

no by-products 1.93 1.77 1.85 

2.05 -0.23 

  

 by-products 2.19 1.91 2.05   

by-products + N10 2.36 2.14 2.25   

Disking 

at 10–12 cm  

with periodic 

deep loosening 

 at 35 cm 

no by-products 1.82 1.54 1.68 

1.87 -0.41 

  

 by-products 2.10 1.74 1.92   

by-products + N10 2.23 1.96 2.02   

LSD05  0.15 0.09  0.09  
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tems. Sunflower crops used moisture most ef-

fectively when ploughing and disking at a depth 

of 15–17 cm were carried out. The use of by-

products in the fertilisation system contributed 

to a more rational utilisation of productive moisture. 

The highest and statistically reliable sun-

flower grain yield of 2.15–2.42 t/ha was ob-

tained in the variant with ploughing and differ-

ent use of by-products in the fertilisation sys-

tem, while the lowest yield of 1.68–2.02 t/ha 

was obtained in the variant with disking at a 

depth of 10–12 cm. The use of by-products + 

N10 in the fertilisation system with different 

soil tillage systems contributed to an increase in 

sunflower seed yield to 2.08–2.23 t/ha. A posi-

tive effect of soil tillage and fertilisation sys-

tems on the sunflower yield attributes was de-

termined.
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Актуальність. Соняшник є культурою вимогливою до кліматичних умов і вимагає значної 
кількості вологи в період вегетації. Саме накопичення вологи є запорукою отримання високих вро-
жаїв, тому технологічні прийоми мають бути спрямовані на збереження вологи в ґрунті. Визначення 

проблеми. При високому антропогенному навантаженні водний режим ґрунту може значно погіршу-
ватися, тому необхідно розробляти ресурсозберігаючі технології вирощування, які базуються на оп-

тимізації прийомів обробітку ґрунту з використанням як добрива соломи та іншої нетоварної частини 
врожаю, що забезпечують накопичення і найбільш раціональне використання вологи. Мета. Встано-
вити вплив систем обробітку ґрунту та удобрення з використанням побічної продукції на вологоза-
безпеченість і продуктивність соняшнику в сівозміні Західного Лісостепу України. Матеріали  

і методи. Довгостроковий стаціонарний дослід. Системи обробітку ґрунту (оранка на 25–27 см, дис-
кування на 15–17 см і на 10–12 см з періодичним глибоким розпушенням на 35 см). Системи удоб-

рення: 1) без побічної продукції; 2) побічна продукція; 3) побічна продукція + N10 (аміачна селітра) на 
1 т. Запаси продуктивної вологи визначалися термостатно-ваговим методом у 2 строки (сходи, повна 
стиглість). Результати. Вищі запаси продуктивної вологи у середньому за роки досліджень в шарі 
ґрунту 0–100 см на час сходів соняшнику відмічали на варіанті оранка за різного використання 
побічної продукції (140,7–144,0 мм). У повну стиглість насіння соняшнику на всіх варіантах запаси 
продуктивної вологи вичерпувалися і помітно знижувалися у верхньому 0–20 см шарі до 7,3–11,4 мм 

і в метровому шарі ґрунту – до 77,2–104,6 мм. Найбільшу врожайність зерна соняшника одержано на 
варіанті оранка за різного використання побічної продукції в системі удобрення – 2,15–2,42 т/га, а 
нижчу за дискування на 10–12 см – 1,68–2,02 т/га. Використання в системі удобрення побічної про-
дукції і побічної продукції + N10 за різних систем обробітку ґрунту сприяло зростанню урожайності 
насіння соняшника до 2,08 і 2,23 т/га. Висновки. Встановлено вплив систем обробітку ґрунту та 
удобрення з використанням побічної продукції на вологозабезпеченість посівів соняшника в умовах 

Західного Лісостепу України. Запаси продуктивної вологи під соняшником знижувалися в період 
збирання на 39,4–57,7 мм в метровому шарі ґрунту, порівняно з кількістю запасів вологи на початку 
вегетації. Застосування побічної продукції в системі удобрення у технології вирощування соняшника 
збільшувало запаси продуктивної вологи в 0–100 см шарі ґрунту протягом вегетації на 8,4–14,1 мм, 
порівняно з варіантами без побічної продукції.  
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