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Topicality. The role of soil structure in creating a favourable water-air regime in soils of medium and 

heavy granulometric composition is well known. Thus, the number of structural aggregates of agronomically 

valuable size (0.2–10.0 mm), which are sufficiently porous and water-resistant in soils, determines the soil 

adsorption capability and the ability to store and conserve precipitation moisture and use it economically. 

Purpose. This study was aimed to determine the aggregate composition of the soil depending on the prede-

cessor of winter rye (sunflower and safflower) at various sampling depths. Materials and Methods. The re-

search was conducted at the Dokuchaievske Experimental Field Training and Research and Production Cen-

tre of the State Biotechnological University during 2022–2023. The soil structure was determined using  

N.I. Savinov's method, supplemented by graphical data processing for visual representation of results.  

Results. Agronomically valuable structure with aggregates from 0.25 mm to 10 mm at 0–10 cm soil depth 

after safflower was 74.6 %, and after sunflower – 61.2 %. While at soil depths were 10–20 cm and 20–30 cm, 

higher values were found after sunflower, with percentages of 79.8 % and 83.6 %, respectively, compared to 

55.8 % and 67.4 % for safflower. Aggregates smaller than 0.25 mm and larger than 10 mm were calculated 

separately, showing that in the 0–10 cm soil layer, the highest value was 38.8 % after sunflower, compared 

to safflower's 25.4 %. At a depth of 10–20 cm, the opposite values were recorded: the share of these partic-

les in the soil after safflower was 44.2 %, which is 24 % higher than their share after sunflower. Similar 

results were obtained in the soil layer of 20–30 cm, where the value of 32.6 % was recorded after safflower, 

and 16.4 % after sunflower. Conclusions. Soil structure plays a crucial role in forming air, water, nutrient, 

and other regimes, ultimately resulting in high and stable agricultural crop yields. According to our calcula-

tions, the most valuable structure with aggregate sizes from 0.25 mm to 10.0 mm in the 0–10 cm depth was 

observed after safflower. At depths of 10–20 cm and 20–30 cm, superior values were observed after sunflow-

er. According to the coefficient of structure-forming ability, sunflower is the best predecessor for winter rye, 

with an average value of 3.6 for the 0–30 cm layer, compared to 2.1 for safflower. This is attributed to sun-

flower's well-developed root system significantly improving soil structure and aiding subsequent crops in 

better root establishment. Additionally, more moisture remains in the soil after sunflower due to plant densi-

ty per square meter compared to safflower. 
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Introduction. Soil structural condition 

plays an important role among other agrophysi-

cal indicators of soil fertility and restoration [1–3].  

Soil compaction has been recognised as a 

serious physical threat to soil fertility all over 

the world. The operation of heavy machinery 

has become a major cause of soil compaction 

and pollution. Compaction is particularly severe 

when combines and vehicles operate in condi-

tions of high soil moisture [3–5]. 

Changes in the pore-filling structure of the 

soil during compaction affect its characteristics, 

including strength, air and heat exchange. The 

effects of soil over-compaction are long-lasting 

or even permanent, especially in soils with low 

clay content. These changes greatly affect the 

growth and function of plant roots, reducing 

crop yields [3, 6]. 

The role of soil structure in providing a 

favourable water-air regime in soils of medium 

and heavy granulometric composition is well 

known. The more structural aggregates of agro-

nomically valuable size they contain, the more 

such soils are able to absorb and store precipita-

tion moisture and use it more economically. The 

greater  soil  resistance to erosion, the greater its  
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fertility [3, 7].  

It is well-known that the soil structure and 

aggregate composition as well as the qualitative 

characteristics of aggregates, such as the air-dry 

agronomically valuable and water-resistant aggre-

gates, largely depend on a number of environ-

mental factors, in particular, the granulometric 

composition, organic matter content, composi-

tion of absorbed cations, development of plant 

root systems and the activity of soil microorgan-

isms and mesofauna [8, 9].  

According to K. Kutsova, the stability of 

the structural and aggregate composition of the 

studied soils is significantly affected by the he-

terogeneous relief of the territories, different 

soil species composition within agrocenoses, as 

well as the efficiency of agricultural activities. 

The most stable aggregates are characterised by 

soils located on relatively flat upper parts of the 

territory, where erosion processes have no sig-

nificant impact.  

M. V. Shevchenko points out that in mo-

dern conditions of anthropogenic load on arable 

soils, including in the Left-Bank Forest-Steppe 

zone of Ukraine, changes in the structural com-

position of agrocenoses soils result in increased 

development of degradation processes, deforma-

tion and destruction of micro-particles (< 0.25 mm) 

and macro-aggregates (> 0.25 mm) [10]. 

The research was aimed at determining 

the aggregate composition of the soil at different 

sampling depths depending on the predecessor. 

Materials and Methods. The research 

was carried out at the Experimental Field Train-

ing and Research and Production Centre of the 

State Biotechnological University in 2022–

2023, which is located in the eastern part of the 

Kharkiv district in Kharkiv region. The climate 

of the region is moderately continental with 

increasing continental features in the southern 

and north-eastern parts. The soil of the experi-

mental field is typical heavy loamy chernozem 

on loess with the following fertility indicators in 

the 0–30 cm soil layer: humus content – 4.0–4.9 %, 

total nitrogen – 0.25 %, mobile phosphorus and 

potassium compounds – 100 and 150 mg/kg soil. 

Two variants were tested at three different samp-

ling depths. The predecessors of winter rye were 

sunflower and safflower. The soil aggregate 

composition was determined by dry sieving of 

soil samples through a set of sieves (N. I. Sav-

vinov method) and the weight of each fraction 

was calculated as a percentage of the total 

weight of the sample [11]. 

Results and Discussion. A cloddy-grained 

structure with aggregate size from 0.25 to 10.0 mm, 

with good porosity, strength and water re-

sistance is considered to be agronomically valu-

able. According to the data obtained (Table 1), 

at a depth of 0–10 cm, the largest number of  

aggregates with a size of 0.25–10.0 mm was re-

corded after safflower cultivation – 74.6%, 

while at a depth of 10–20 and 20–30 cm, higher 

values were obtained after sunflower – 79.8 and 

83.6 %, whereas after safflower – 55.8 and 67.4 %, 

respectively (Fig. 1). 

 

 
 

Fig. 1.  Sum of 0.25–10.0 mm aggregates depending on predecessor, %. 
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Table 1. Soil aggregate composition depending on predecessor, average for 2022–2023, % 

 

Predecessor 
Depth, 

cm 

Size of soil aggregate fractions in mm, % Total 

number 

>0.25 

Sum of aggregates 

(%) 
Coeffi-

cient  

of soil  

structure >10  10–7  7–5  5–3  3–2  2–1  1–0.5  0.5–0.25  <0.25  10–0.25 
>10 і        

< 0.25 

Sunflower 

0–10 34.8 10.4 9.2 11.2 9.2 13.6 3.8 3.8 4.4 96 61.2 38.8 1.6 

10−20 18.0 10.0 11.2 15.4 14.4 20.2 4.4 4.2 2.2 97.8 79.8 20.2 4.0 

20–30 14.0 15.0 12.6 18.0 13.8 8.2 4.2 3.6 2.4 97.6 83.6 16.4 5.1 

Safflower 

0–10 23.2 12.0 11.0 17.4 14.6 14.4 2.6 2.6 2.2 97.8 74.6 25.4 2.9 

10–20 42.4 13.6 10.6 12.6 8.2 7.4 1.4 2.0 1.8 98.2 55.8 44.2 1.3 

20–30 30.2 13.0 12.2 15.0 12.2 11.4 2.0 1.6 2.4 97.6 67.4 32.6 2.1 
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The number of aggregates with a size of 

<0.25 mm and >10 mm in the soil layer 0–

10 cm was the highest after sunflower – 38.8 % 

of the total weight, in safflower – 25.4 %. The 

opposite values were recorded at a depth of 10–

20 cm, so after safflower the number of aggre-

gates was 44.2 %, which is 24 % higher than 

after sunflower. Similarly, in the soil layer of 

20–30 cm, the number of aggregates after saf-

flower was 32.6 %, and after sunflower – 16.4 %. 

The cloddy structure (>10 mm) in the  

0-10 cm soil layer was 34.8 % after sunflower 

cultivation, which is 11.6 % higher than after 

safflower. At a depth of 10–20 cm, the most 

cloddy soil structure was after safflower – 

42.4 % of the total weight, which is 24.4 % 

more than after sunflower. At a depth of 20–

30 cm, the highest value was again recorded 

after safflower (30.2 % of the total weight), 

compared to the soil after sunflower – 14 % of 

the total weight, which is two times more. 

The weight of aggregates with a size of 

<0.25 mm was insignificant and varied from 2.2 

to 4 % after sunflower cultivation, and from 1.8 

to 2.4 % after safflower, depending on the depth 

of sampling. 

Distribution of soil aggregate composition 

at different depths depending on the predecessor 

was as follows (Fig. 2–7). 

According to Figs. 2, 4, 6, it follows that
 

 
 

Fig. 2. Soil aggregate composition at  

0–10 cm depth after growing sunflower. 

 
 

Fig. 3. Soil aggregate composition at  

0–10 cm depth after growing safflower. 
 

 

 
 

Fig. 4. Soil aggregate composition at  

10–20 cm depth after growing sunflower. 
 

 
 

Fig. 5 Soil aggregate composition at  

10–20 cm depth after growing safflower. 
 

the soil aggregate composition after the 

predecessor sunflower tends to increase the 

weight with fractions of 10–7 mm, 7–5 mm, 5–

3 mm in proportion to the increase in the sam-

pling depth, i.e. the greater the depth, the more 

the weight of following fractions. And the number 

of fractions with a size > 10 mm and < 0.25 mm 

decreases in proportion to the depth and 

amounts to 38.8 %, 20.2 % and 16.4 % at the 

depths of 0–10 cm, 10–20 cm and 20–30 cm, 
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respectively. The obtained data (Fig. 3, 5, 7) of 

soil aggregate composition after growing saf-

flower show that the greatest number of frac-

tions with a size of > 10 mm was 23.2 % at a 

depth of 0–10 cm, and the least with sizes of 1–

0.5, 0.5–0.25 and < 0.25 mm – 2.6, 2.6 and 2.2 %, 

respectively. 

At the depths of 10–20 cm and 20–30 cm,
 

 
 

Fig. 6. Soil aggregate composition at 20–30 cm 

depth after growing sunflower. 

 
 

Fig. 7. Soil aggregate composition at  

20–30 cm depth after growing safflower. 

 

the greatest amount of soil fraction > 10 mm 

was recorded (42.4 % and 30.2 %). At a depth 

of 10–20 cm, the smallest amount of soil frac-

tions of 1–0.5 mm was 1.4 %, and at a depth of 

20–30 cm, the smallest amount of soil fractions 

of 0.5–0.25 mm was 1.6 %. According to the 

values of the coefficient of soil structure, the 

best predecessor for winter rye is sunflower 

with an average coefficient of soil structure of 

3.6 at the total depth, compared to 2.1 after saf-

flower. 

Conclusions. Soil structure is crucial in 

the formation of air, water, nutrient and other 

regimes, and ultimately in high and sustainable 

crop yields. Based on our calculations, the most 

agronomically valuable structure with aggregate 

size from 0.25 mm to 10 mm at a depth of 0–

10 cm was recorded after safflower cultivation. 

And at a depth of 10–20 cm and 20–30 cm, the 

best data were obtained after the predecessor 

sunflower. According to the coefficient of soil 

structure, sunflower is the best predecessor for 

winter rye, with a soil structure coefficient of 

3.6 at the total depth compared to 2.1 after saf-

flower. This explains the fact that sunflower 

improves soil structure due to its well-develo-

ped root system and helps the subsequent crop 

to take root better. Also, after sunflower, more 

moisture remains in the soil due to the number of 

plants per 1 m
2
 compared to safflower.  
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Боровик С. О. Структурно-агрегатний склад ґрунту залежно від попередника при вирощуванні 

жита озимого. Зернові культури. 2024. 8 (1). 144–149. 
Державний біотехнологічний університет, вул. Алчевських 44, м. Харків, 61002, Україна 

 

Актуальність. Роль ґрунтової структури у створенні сприятливого водно-повітряного режи-

му у ґрунтах середнього та важкого гранулометричного складу загальновідома: чим більше у них 

структурних агрегатів агрономічно цінних розмірів (0,2–10,0 мм), досить пористих і водостійких, тим 

більшою мірою такі ґрунти здатні поглинати та зберігати вологу атмосферних опадів і більш економ-

но її використовувати. Мета досліджень – визначення агрегатного складу ґрунту залежно від попе-

редника жита озимого (соняшник та сафлор) на різній глибині відбору зразків. Матеріали та методи. 

Дослідження проводилися на ННВЦ «Дослідному полі Докучаєвське» Державного біотехнологічного 

університету в 2022–2023 рр. Структуру ґрунту визначали методом Н. І. Савінова, а також був засто-

сований графічний метод обробки даних для візуального представлення результатів. Результати. 

Після посівів сафлору агрономічно цінних агрегатів розміром від 0,25 до 10,0 мм на глибині 0–10 см 

виявилось 74 6 %, а після соняшнику – 61,2 %. На глибині 10–20 см та 20–30 см вищі значення отри-

мані після соняшнику – 79,8 % та 83,6 %, порівняно з посівом сафлору – 55,8 % та 67,4 %. За сумою 

агрегатів з розміром <0,25 мм та >10 мм у шарі ґрунту 0–10 см перевагу мав попередник соняшник 

(38,8 %) порівняно з сафлором (25,4 %). На глибині 10–20 см зафіксовано протилежні значення: вміст 

цих часток у ґрунті після сафлору становив 44,2 %, що більше за їх вміст після соняшнику на 24 %. 

Аналогічні результати отримані і у шарі ґрунті 20–30 см, де після попереднику сафлору зафіксовано – 

32,6 %, а після соняшнику — 16,4 %. Висновки. Структура ґрунту є визначальною у формуванні по-

вітряного, водного, поживного та інших режимів і впливає на отримання високих і сталих урожаїв 

сільськогосподарських культур. Встановлено, що найбільший вміст агрегатів агрономічно цінної 

структури (0,2–10 мм) на глибині 0–10 см зафіксовано після попередника сафлор. А на глибині 10–20 см 

та 20–30 см кращі значення виявлено після соняшнику. Згідно зі значеннями коефіцієнта структур-

ності, кращим попередником для жита озимого є соняшник, з середнім значенням цього коефіцієнта 

для шару 0–30 см 3,6, проти 2,1 – після сафлору. Це пояснюється тим, що соняшник завдяки добре 

розвиненій кореневій системі значно покращує структуру ґрунту, після нього у ґрунті залишається 

більше вологи порівняно з сафлором, що сприяє більш інтенсивному вкоріненню і подальшому ро-

звитку наступної культури.  

Ключові слова: ґрунтова структура, попередник, сафлор, соняшник, жито озиме 
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