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Topicality. Today, the issue of biologisation in agriculture, increasing the sustainability of agroceno-

ses and obtaining stable yields of high-quality products requires attention. The utilisation of predecessor by-

products on fields accelerates water infiltration into the soil, reduces surface runoff and wind speed near the 

soil surface, reduces soil temperature and moisture loss through evaporation, absorbs the kinetic energy of 

raindrops, and prevents the formation of surface soil crust. Crop residues absorb residual nitrogen and are 

used by the following crops after decomposition. Purpose. To develop and improve the main parameters of 

zonal adaptive resource-saving technology of sunflower cultivation and determine its productivity in the 

Steppe of Ukraine. Materials and Methods. The effectiveness and feasibility of minimising the primary til-

lage was investigated under different predecessors and their integrated effect on the growth, development 

and formation of sunflower productivity was determined. Also, the response of sunflower to the effect of pre-

decessor by-products and compensation rate of nitrogen under different depths of tillage was determined. 

Results. The complex effect of the predecessor by-products and the compensation rate of nitrogen stabilised 

and increased the yield of sunflower grown after winter wheat to 2.72 t/ha, and after maize for grain to 2.97 t/ha. 

Minimising tillage after winter wheat resulted in an 8.4 % yield shortfall on the background of removing by-

products, a 5.5 % shortfall without removing by-products, and a 7.4 % shortfall in the case of mulching and 

applying compensatory nitrogen. Direct sowing of sunflower compared to ploughing resulted in a yield 

shortfall of 49 %, 40, and 39 %, respectively. Maize for grain as a predecessor provided higher yields com-

pared to winter wheat under deep tillage by 0.23–0.25 t/ha, under surface tillage by 0.22–0.39 t/ha, and 

under direct sowing by 0.96–1.31 t/ha. The yield decrease under surface primary tillage after maize for 

grain, the leaf mass of which was removed from the field, was insignificant, under its surface distribution – 

4.7%, and under the integrated effect of by-products and compensatory nitrogen application – 8.7 %. Direct 

sowing reduced sunflower yield by 8.1, 10.0 and 12.2 % compared to ploughing. Conclusions. Growing 

sunflower after winter wheat and maize for grain gives better results with deep tillage and surface distribu-

tion of plant residues of the predecessor using a compensatory nitrogen rate. 

Key words: biologisation of agriculture, plant residues, leaf mass, by-products, yield, oil content, seed 

volume weight 
 

Introduction. One of the most important 

tasks of modern agricultural production and 

science is to solve the problem of biologisation 

of agriculture, increasing profitability, sustainabi-

lity of agrocenoses and obtaining stable yields 

of high-quality products. The solution to this 

problem is achieved by growing plants with 

consideration of their interaction and afteref-

fects. In recent decades, the harvesting of prede-

cessors with chopping and spreading of plant 

leaf mass has been used in the technological 

processes of growing crops. This method of 

harvesting is simple and cost-effective, as it 

reduces the cost of transporting, storing it and 

converting straw or leaf mass into organic ferti-

liser. In addition, these processes play a signifi-

cant role in the biologisation of agriculture, in-

creasing soil fertility, and preserving the envi-

ronment [1–4].  

Soil moisture also depends on the methods 
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of distribution of plant residues on the field sur-

face [1, 5]. More intensive moisture evaporation 

is observed in areas where crop residues were 

incorporated to the depth of loosening the hu-

mus horizon, and moisture losses are much low-

er when crop residues distributed over the sur-

face under moldboardless ploughing. In this re-

gard, sowing crops should be started on fields with 

a minimum amount of plant residues on the soil 

surface, and finished on fields with a maximum 

amount of them [5–7]. 

The by-products chopped up by harvesters 

and distributed evenly across the field accelerate 

water infiltration into the soil, reduce surface 

runoff and wind speed near the soil surface, and 

reduce soil temperature and, consequently, 

moisture loss through evaporation, absorb the 

kinetic energy of raindrops, prevent soil floo-

ding and surface crusting, reduce erosion and, 

last but not least, absorb residual nitrogen that is 

not used for yield formation, preventing its loss 

and groundwater pollution. Post-harvest resi-

dues are used by subsequent crops once they 

decompose. The rate of microbial decomposi-

tion of by-products in the soil is determined by 

several factors: the availability of food sources 

for soil microorganisms, their number, species 

composition and activity, soil type, soil im-

provement, temperature, humidity, aeration, etc. 

[5–8]. This makes it possible to close the small 

biological cycle of substances, which was dis-

rupted by the systematic alienation of a large 

part of plant by-products [9–12]. 

Depending on the method of primary till-

age, a particular structure of the topsoil is 

formed, and microbiological processes occur in 

different ways. All of this has a significant im-

pact on the dynamics and ratio of humus syn-

thesis and mineralisation, and the nutrient up-

take by plants. Therefore, the method of tillage 

should be considered not only as a means of 

mechanical action on the soil, but also as a tool 

for creating certain ‘structures’ of the topsoil. In 

other words, using different tillage methods and 

fertilisation technologies, it is possible to create 

topsoil in which the most favourable conditions 

for plant growth and development will be 

formed [13–15]. 

Materials and Methods. The purpose of 

our research was to develop and improve the 

main parameters of zonal adaptive resource-

saving technology for growing sunflower (Heli-

anthus annuus L.) with the assessment of pro-

ductivity in the northern Steppe of Ukraine, as 

well as to study the possibilities of biologisation 

of agricultural production, product quality im-

provement, environmental protection and scien-

tific substantiation of organisational and eco-

nomic mechanisms for ensuring innovative de-

velopment of the crop production industry in 

market conditions. 

The experimental plot was located on the 

area of the Institute of Agriculture of the Steppe 

NAAS in the Northern Steppe of Ukraine. This 

region is characterised by a moderate continen-

tal climate. The soil was a deep medium-humus 

heavy loamy ordinary chernozem, which was 

deposited at a depth of 50–55 cm. The soil ab-

sorption complex is saturated with alkaline salts 

of calcium and magnesium in the ratio of 5:1. 

The pH of the soil solution is close to neutral. 

The depth of the humus horizon is about 65 cm. 

According to the research of the 

Oblderzhrodiuchist centre, the topsoil contains 

an average of 4.69 % humus, 13.7 % easily hyd-

rolysed nitrogen, mobile phosphorus of 10.0 and 

exchangeable potassium of 15.1 mg per 100 g of 

soil, and mobile forms of manganese, zinc, bo-

ron and sulphur of 20.2, 0.41, 1.2 and 9.8 mg 

per kilogram of soil, respectively. 

Precipitation falls unevenly throughout the 

year at the experimental site. The average annu-

al precipitation is 499 mm. In spring and sum-

mer of some years, there is a periodic moisture 

deficiency. The years of research differed in 

temperature and moisture availability and were 

not equally favourable for sunflower growing. 

Thus, the conditions in 2012 were extremely 

dry, while 2010 and 2011 were quite favourable. 

The research programme was designed to 

investigate the effectiveness and feasibility of 

minimising the primary tillage under different 

predecessors and to determine the complex im-

pact of these factors on the growth, develop-

ment and productivity of sunflower. We also 

determined the response of sunflower plants to 

the effect of the by-products of the predecessor 

and the compensating dose of nitrogen under 

different tillage systems. 

The number of variants in the field expe-

riment was 18, repeated three times. The sown 

area of the plot was 67.2 m
2
, and the registration 

area was 50.4 m
2
. The main research methods 

were field and laboratory-field experiments. 
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As the primary tillage is a factor in the 

study, it was carried out in plots. In the variant 

with deep moldboard tillage, disking by 6–8 cm 

was carried out, followed by ploughing to a 

depth of 25–27 cm with a PON-8-35 (KUN) 

plough; in the variant with disking, double dis-

king was carried out to a depth of 8–10 cm with 

an AH-2.4 disc; and in the variant with direct 

drilling, no tillage was carried out. 

Indicators of yield attributes and moisture 

content were recorded immediately before har-

vesting by selecting 20 sunflower heads from 

each plot, followed by threshing and determi-

ning the number and weight of seeds and their 

moisture content in the laboratory. Harvesting 

was carried out in separate plots by direct com-

bining. The yield was recalculated for 7 % seed 

moisture content. 

Results. Observations of the emergence of 

seedlings in the dynamics showed that the  

highest germination energy of sunflower seeds 

was under deep primary tillage, which created 

the most favourable soil temperature regime. 

Slightly lower values were observed in variants 

with minimisation of primary tillage both after 

the winter wheat (Triticum aestivum L.) and the 

maize for grain (Zea mays L.) as predecessors. 

There was also a certain delay in the seed-

ling emergence due to mulching of the soil sur-

face with plant residues of winter wheat and 

maize for grain, which is associated with the 

influence of degradation products of organic 

matter and accumulation of metabolites in the 

soil, which affect the processes of swelling and 

germination of sunflower seeds. 

The analysis of the results of field germi-

nation of seeds showed that the use of plant res-

idues of both predecessors in the technological 

process of sunflower cultivation leads to a slight 

decrease in this indicator, and the use of com-

pensation rate of nitrogen compensates for these 

losses. 

The field germination of sunflower seeds 

significantly depended on the method of prima-

ry tillage and seed treatment with Maxim XL 

and Cruiser 350FS. As a rule, the germination 

rate was the lowest under direct drilling and 

increased with deep ploughing. The viability of 

untreated sunflower seeds and seedlings was 

slightly reduced against the background of 

spreading plant residues on soil surface. 

According to the results of numerous ex-

periments and production experience, minimisa-

tion of tillage is often accompanied by an in-

crease in weed infestation. We have also found 

that weed infestation of crops prepared for sow-

ing sunflower increased significantly under mi-

nimal and zero tillage. However, the application 

of Roundup Max herbicide on the background 

of disking and direct drilling allowed us to kill 

all weeds, and the application of Harness herbi-

cide before sowing allowed us to control the 

weed infestation on crops in all variants of the 

experiment. 

Thus, when sunflower was grown after 

maize for grain, regardless of whether the by-pro-

ducts were removed or distributed on the soil 

surface, the weed infestation on the 40
th

 day 

after sowing ranged from 0.0 to 0.13 weeds/m
2
, 

and on the variants with direct drilling – 3.3–

4.2 weeds/m
2
, while when sunflower was grown 

after winter wheat, the number of weeds on the 

background of ploughing was 3.7–5.2 weeds/m
2
, 

on the background of disking – 9.0–11.7 weeds/m
2
, 

and with direct drilling already 23.3– 

33.0 weeds/m
2
, which significantly exceeds the 

indicators after maize (Table 1). 

This trend continued until the sunflower 

harvest. In years with dry conditions in July and 

August, there was less germination of new 

weeds and deterioration in the development of 

existing weeds. The most weedy areas were 

plots after the winter wheat crop, where no till-

age was carried out against the background of 

by-products removal. The number of weeds in 

this variant was 38.3 plants/m
2
, and their weight 

at the time of harvesting was 411.0 g/m
2
, 

against the background with by-products distri-

bution – 24.4 plants/m
2
, and their weight – 

346.2 g/m
2
, and under the condition of complex 

application of plant residues and compensation 

rate of nitrogen, the number and weight of 

weeds decreased to 18.4 plants/m
2
 and 285.3 g/m

2
. 

It should be noted that the number of weeds 

decreased to 7.9–10.2 plants/m
2
 under surface 

tillage and to 4.8–7.2 plants/m
2
 under deep 

ploughing when growing sunflower after winter 

wheat. 

During the harvesting of sunflower grown 

after maize for grain, weeds were observed only 

in single specimens, except for the direct drill-

ing variants – 2.6–4.2 plants/m
2
 with a weight 

of 18.3–21.7 g/m
2
. But these indicators were 

significantly lower compared to the growing of
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Table 1. Weed infestation of sunflower crops depending on the method  

of harvesting predecessors and methods of primary tillage, 2010–2012  
 

Predecessor Method of harvesting Soil tillage 

Number of weeds, plants/m
2
 

Before  

sowing  

40 days after 

sowing 

During harvesting 

plants/m
2
 g/m

2
 

Winter  

wheat 

with by-products 

removal 

deep tillage 4.2 5.2 7.2 70.7 

surface tillage 6.8 11.7 10.2 151.7 

direct drilling 20.0 33.0 38.3 411.0 

without by-product 

removal 

deep tillage 4.2 3.9 4.8 43.2 

surface tillage 8.3 11.0 8.1 128.8 

direct drilling 19.0 25.0 24.4 346.2 

without by-product 

removal and with 

introduction of com-

pensation rate of 

nitrogen 

deep tillage 3.7 3.7 5.9 25.9 

surface tillage 7.7 9.0 7.9 109.2 

direct drilling 15.0 26.0 18.4 285.3 

Maize for 

grain 

with by-products 

removal 

deep tillage 1.8 0.0 0.0 0.0 

surface tillage 2.3 1.0 0.3 0.3 

direct drilling 5.8 4.2 2.6 21.5 

without by-product 

removal 

deep tillage 1.4 0.1 0.3 0.4 

surface tillage 2.8 1.8 0.8 4.2 

direct drilling 4.7 3.8 3.5 21.7 

without by-product 

removal and with 

introduction of com-

pensation rate of 

nitrogen 

deep tillage 1.4 0.0 1.2 1.0 

surface tillage 2.6 0.7 1.8 6.1 

direct drilling 4.1 3.3 4.2 18.3 

 

sunflower after winter wheat. 

The weather conditions during the grow-

ing season of the years of research differed and 

this significantly affected the yield attributes of 

sunflower. The surface tillage instead of deep 

ploughing after winter wheat resulted in a 9.6 % 

reduction in the 1000-seed weight in the back-

ground with straw removal, 4.3 % in the vari-

ants with the distribution of the by-products of 

previous crops, and 5.0 % in the background 

with soil mulching and the introduction of a 

compensation rate of nitrogen. 

Growing sunflower after maize for grain 

under deep ploughing provided 1000 seed 

weight of 49.8–51.6 g, which is almost equal to 

the values obtained after winter wheat as a pre-

decessor. The surface tillage led to a decrease in 

this indicator by 4.2–5.9 %, and the direct dril-

ling resulted in a decrease by 6.8–7.4 %. 

The oil content of sunflower seeds is an 

important indicator of their productivity. The 

results of our research showed a tendency to 

decrease this indicator when direct drilling was 

used after winter wheat on backgrounds where 

the by-products of the predecessor were distri-

buted on the soil surface. More significant fluc-

tuations in this indicator due to the minimisation 

of soil tillage were noted when sunflower was 

grown after maize for grain, where it decreased 

to 47.1–48.3 % under direct drilling (Table 2). 

The highest oil content of sunflower seeds 

was recorded under deep moldboard tillage after 

the winter wheat and, depending on the harvest-

ing method, was 50.5–50.6 %. The oil content 

of sunflower under surface tillage was close to 

the variants with deep tillage – 50.3–50.5 %. 

The test weight of the seed is also a significant 

indicator of quality. The use of surface tillage 

compared to deep ploughing after winter wheat 

resulted in a 1.5 % decrease in this indicator on 

the background of straw removal, 1.4 % de-

crease in the variants with the distribution of the 

by-products of the predecessor, and 1.7 % de-

crease in the background of mulching and the 

introduction of a compensation rate of nitrogen. 

Growing sunflower under direct drilling after a 
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Table 2. Sunflower seed quality indicators depending on the method of harvesting  

predecessors and methods of primary tillage, 2010–2012  
 

Predecessor 
(factor А) 

Method of harvesting 
(factor В) 

Soil tillage 
(factor С) 

Oil content,  
% 

Test weight,  
g/l 

Yield,  

t/ha 

Winter  

wheat 

with by-products re-

moval 

deep tillage 50.5 407.0 2.61 
surface tillage 50.4 401.0 2.39 
direct drilling 50.2 395.3 1.33 

without by-product 

removal 

deep tillage 50.6 411.3 2.55 

surface tillage 50.3 405.3 2.41 

direct drilling 49.6 396.7 1.53 
without by-product 

removal and with intro-

duction of compensa-

tion rate of nitrogen 

deep tillage 50.5 422.7 2.72 
surface tillage 50.5 415.7 2.52 

direct drilling 49.0 411.3 1.66 

Maize for 

grain 

with by-products re-

moval 

deep tillage 49.7 444.7 2.85 
surface tillage 49.2 440.0 2.78 
direct drilling 47.9 427.3 2.65 

without by-product 

removal 

deep tillage 50.2 441.0 2.78 
surface tillage 48.3 440.3 2.65 
direct drilling 47.1 431.3 2.50 

without by-product 

removal and with intro-

duction of compensa-

tion rate of nitrogen 

deep tillage 49.5 444.0 2.97 

surface tillage 49.7 443.7 2.74 

direct drilling 48.3 428.3 2.61 

LSD05, t/ha, factor А 0.08–0.11; factor В 0.10–0.13; factor С 0.10–0.13; factor АВ 0.14–0.19;  

factor АС 0.14–0.19; factor ВС 0.17–0.23; factor АВС 0.25–0.33 
 

stubble predecessor resulted in a decrease in test 

weight of seeds on the background with biomass 

removal by 2.9 %, in variants with distribution 

of by-products of the predecessor – by 3.5 %, 

and on the background with soil mulching and 

application of a compensation rate of nitrogen – 

only by 2.7 %. 

Growing sunflower after maize for grain 

under deep ploughing provided test weight of 

seeds at the level of 427.4–444.7 g/l, which is 

higher than in the variants where sunflower was 

grown after winter wheat. The surface primary 

soil tillage led to a decrease in this indicator by 

no more than 1.1 %, and under direct drilling – 

by 2.2–3.9 %. 

The highest yield of sunflower on average 

over the years of research was obtained on the 

background of moldboard ploughing with the 

distribution of by-products of the predecessor 

on the soil surface using a compensation rate of 

nitrogen, which was 2.72 t/ha after winter wheat 

and 2.97 t/ha after maize for grain. 

The minimal soil tillage instead of ploug-

hing after the stubble predecessor led to a sig-

nificant decrease in yield. Growing sunflower 

under minimal soil tillage resulted in yield 

shortage by 0.22 t/ha on the background with 

straw removal, by 0.14 t/ha in variants with dis-

tribution of by-products of the predecessor, and 

by 0.19 t/ha on the background with soil mulch-

ing and application of a compensation rate of 

nitrogen. The direct drilling of sunflower led to 

a decrease in yield by 1.28 t/ha on the back-

ground with biomass removal, by 1.01 t/ha in 

variants with distribution of the by-products of 

the predecessor, and by 1.05 t/ha on the back-

ground with soil mulching and application of a 

compensation rate of nitrogen. 

Growing sunflower on the background of 

distribution of straw of winter wheat as a prede-

cessor on the soil surface reduced the yield per 

unit area by 0.06 t/ha compared to the variants 

with the removal of by-products from the field, 

excluding areas where no tillage was carried 

out. In the variants with direct drilling with leaf 

mass removal, the sunflower yield was the low-

est and amounted to 1.33 t/ha. Mulching the soil 

surface led to an increase in sunflower yield by 

0.21 t/ha, and application of a compensation rate 

of nitrogen to the mulched areas increased the 

yield by 0.33 t/ha. 

Growing sunflower after maize for grain 
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with deep ploughing against the background of 

by-products removal provided a yield of 

2.85 t/ha, and in case of distribution of by-

products on the soil surface and introduction of 

nitrogen fertilisers – 2.97 t/ha. Reducing the 

depth of the main tillage to 8–10 cm did not 

lead to a significant decrease in productivity on 

the background of by-products removal, howev-

er, the yield decreased by 0.13 t/ha when maize 

leaf mass was distributed on soil, and by 

0.20 t/ha when by-products were distributed and 

a compensation rate of nitrogen was applied. 

Direct drilling of sunflower after maize for grain 

led to a significant decrease in its productivity. 

Thus, the sunflower yield was 2.65, 2.50 and 

2.61 t/ha, respectively, which is 0.20, 0.28 and 

0.36 t/ha less than in the variants with plough-

ing. Distribution of leaf mass on the soil surface 

led to a yield shortfall per unit area by 0.07–

0.15 t/ha compared to the variants with the by-

products removal under all studied methods of 

primary soil tillage. The introduction of a com-

pensation rate of nitrogen against the back-

ground of the use of by-products ensured an 

increase in sunflower yields compared to other 

variants of harvesting the predecessor only 

against the background of deep primary tillage. 

Conclusions. The use of plant residues of 

the predecessor and a compensation rate of ni-

trogen after winter wheat stabilised sunflower 

yields at 2.72 t/ha, and after maize for grain 

increased yields to 2.97 t/ha. 

Growing sunflower after winter wheat 

with minimal soil tillage led to a decrease in its 

productivity by 8.4 % on the background of 

straw removal, by 5.5 % in variants with distri-

bution of the by-products of the predecessor, 

and by 7.4 % on the background of soil mul-

ching and introduction of a compensation rate of 

nitrogen. Direct drilling sunflower resulted in a 

decrease in yield by 49 % on the background 

with predecessor biomass removal, by 40 % in 

variants with distribution of by-products of the 

predecessor, and by 39 % on the background of 

soil mulching and introduction of a compensa-

tion rate of nitrogen. Mulching the soil surface 

increased the yield by 13 %, and when nitrogen 

fertilisers were applied along with mulching, it 

increased sunflower yield by 20 %. 

Maize for grain as a predecessor ensured 

higher yields compared to winter wheat on the 

background of deep tillage by 0.23–0.25 t/ha, by 

0.22–0.39 t/ha on the background of surface 

tillage, and by 0.96–1.31 t/ha with direct dril-

ling. The yield decrease was not significant when 

the depth of the primary tillage was reduced to 

8–10 cm after maize as a predecessor, when leaf 

mass harvested was removed, it was 4.7 % when 

the by-products were distributed on the soil, and 

8.7 % when the by-products were distributed 

and a compensation rate of nitrogen was ap-

plied. Direct drilling of sunflower after maize 

for grain reduced sunflower yield per unit area 

by 8.1, 10.0 and 12.2 % compared to ploughing. 
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Актуальність. Важливим завданням сьогодення є вирішення проблеми біологізації землероб-

ства, підвищення стійкості агроценозів та отримання стабільних урожаїв високоякісної продукції. 

Розсіювання побічної продукції попередників прискорює інфільтрацію води в ґрунт, зменшує її по-

верхневий стік та швидкість вітру біля поверхні ґрунту, знижує температуру ґрунту і втрати вологи 

через випаровування, бере на себе кінетичну енергію дощових крапель, запобігає утворенню поверх-

невої кірки. Рослинні рештки поглинають залишковий азот, розкладаючись використовуються 

наступними культурами. Мета досліджень. Розробити і удосконалити основні параметри зональної 

адаптивної ресурсозберігаючої технології вирощування соняшнику та визначити його продуктивність 

в умовах Степу України. Матеріали і методи. Досліджували ефективність та доцільність мінімізації 

основного обробітку ґрунту за різних попередників та визначали їх комплексний вплив на ріст, ро-

звиток та формування продуктивності соняшнику. Також визначали реакцію рослин соняшнику на 

дію побічної продукції попередника та компенсаторної дози азоту за різноглибинного обробітку 

ґрунту. Результати. Комплексна дія побічної продукції попередників та компенсаторної дози азоту 

стабілізувала та підвищувала урожайність соняшнику після пшениці озимої до рівня 2,72 т/га, а після 

кукурудзи на зерно до 2,97 т/га. Мінімізація обробітку ґрунту після пшениці озимої призводила до 

недобору врожаю на фоні з відчуженням соломи на 8,4 %, з її розсіюванням – на 5,5 %, а при мульчу-

ванні ґрунту та внесенні компенсаторного азоту – на 7,4 %. Вирощування соняшнику за прямої сівби 

порівняно до оранки призводило до недобору врожаю на 49 %; 40 , та 39 % відповідно. Попередник 

кукурудза на зерно забезпечував вищу урожайність порівняно до пшениці озимої за глибокого 

обробітку ґрунту на 0,23–0,25 т/га, за мілкого – на 0,22–0,39 т/га, а за прямої сівби – на 0,96–1,31 т/га. Зни-

ження урожайності за мілкого основного обробітку ґрунту після попередника кукурудза на зерно, 

листостеблову масу якого відчужували з поля, було несуттєвим, за розсіювання її – 4,7 %, а при ком-

плексній дії побічної продукції та компенсаторної дози азоту становило 8,7 %. Застосування прямої 

сівби знижувало урожайність соняшнику на 8,1, 10,0 та 12,2 % відносно варіантів з оранкою. Висновок. 

При вирощуванні соняшнику після попередників пшениця озима та кукурудза на зерно кращі резуль-

тати забезпечує застосування глибокого обробітку ґрунту та розсіювання рослинних решток попе-

редника з використанням компенсаторної дози азотних добрив. 

Ключові слова: біологізація землеробства, рослинні рештки, листостеблова маса, побічна 

продукція, урожайність, олійність, натура насіння 
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