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SOIL STRUCTURAL-AGGREGATE COMPOSITION DEPENDING ON
PREDECESSORS OF WINTER RYE

S. O. Borovyk
State Biotechnological University, 44 Alchevskykh St., Kharkiv, 61002, Ukraine

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.l. 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 effects of soil over-compaction are long-lasting

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
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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).
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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, %

Size of soil aggregate fractions in mm, % Total Sum of aggregates CQEff"
Depth, (%) cient
Predecessor number .
cm >0.25 ~>101 of soil
>10 10-7 7-5 5-3 3-2 2-1 1-0.5 | 0.5-0.25 | <0.25 - 10-025 | _ 0.25 | structure
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
Sunflower 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
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
Safflower 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




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
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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.
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Fig. 4. Soil aggregate composition at
10-20 cm depth after growing sunflower.

the soil aggregate composition after the
predecessor sunflower tends to increase the
weight with fractions of 107 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
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Fig. 5 Soil aggregate composition at
10-20 cm depth after growing safflower.

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,
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Fig. 6. Soil aggregate composition at 20-30 cm
depth after growing sunflower.

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 Yyields. Based on our calculations, the most
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boposux C. O. Cmpykmypno-azpecamuuil CK1a0 IpyHny 3aaexHcHo 6i0 NonepeoHuKa npu eupouly8anHi
scuma 03umozo. 3eprnogi kynomypu. 2024. 8 (1). 144-149.

Heporcasnuii biomexnonociunuil yHisepcumem, 8yi. Anuescokux 44, m. Xapxis, 61002, Yrpaina

AKTYaJIbHiCTB. PoNb TPYHTOBOT CTPYKTYpHU Y CTBOPEHHI CHPHUSTIUBOIO BOJHO-TIOBITPSIHOTO PEXKU-
My Yy IPYHTax CEpeJHBOTO Ta BaXKKOT'O IPaHYJIOMETPHYHOTO CKIIaly 3arajbHOBiOMa: 4uM OiNblIe Yy HUX
CTPYKTYPHHX arperariB arpoHOMIYHO MiHHUX po3MipiB (0,2—10,0 MM), JOCHTH TOPUCTUX 1 BOAOCTIHKUX, THM
OLTBILIOI0 MIPOIO Taki IPYHTH 3aTHI MOTJIMHATH Ta 30epiraTu BOJIOTY aTMOC(EPHHX OMaiB i OiIbII eKOHOM-
HO ii BUKOpHCTOBYBaTUu. MeTa J0C/iAKeHb — BU3HAUYEHHS arperaTHOTO CKJIafy IPYHTY 3aJIe)KHO BiJl MOIe-
PEeAHMKA KUTA 03UMOTO (COHAUTHUK Ta cadiiop) Ha pi3HiA rHOMHI BimOopy 3pa3kiB. MaTepianau Ta MeTOIH.
Hocnimxenns mpooaunucs Ha HHBL «lociinaromy morni JlokydaeBcrke» Jlep:kaBHOTO 0i0TEXHOIOTIYHOTO
yHiBepcuteTy B 2022-2023 pp. CTpykTypy I'pyHTY Bu3Hauyaau merofgoM H. I. CaBiHoBa, a Takoxx OyB 3acTo-
coBaHH{ rpadivyHU MeTox OOpOOKHM NaHuX IS Bi3yallbHOTO TPEACTaBICHHS pe3ynbraTiB. Pe3yabTary.
[Ticns mociBiB caduiopy arpoHOMIYHO IiIHHUX arperartiB po3MmipoM Bix 0,25 go 10,0 mm Ha rimbuaI 0-10 cM
BUSIBIIIOCH 74 6 %, a micns consHuKy — 61,2 %. Ha rmu6uni 10-20 cm Ta 20-30 cM BuIIi 3HAYCHHS OTPH-
MaHi Mmicis COHSMHUKY — 79,8 % Ta 83,6 %, nmopiBHsAHO 3 mociBoM caduiopy — 55,8 % Tta 67,4 %. 3a cymoro
arperartiB 3 posMipom <0,25 MM Ta >10 MM y mapi rpyaTy 0—10 cM mepeBary MaB MOTEpPETHAK COHSIITHUK
(38,8 %) nopiBHsHO 3 cadiopoM (25,4 %). Ha rmubuni 10-20 cm 3adikcoBaHO MPOTHIICKH] 3HAUEHHS: BMICT
[IUX YaCTOK y IPYHTI micist cadiopy ctaHoBUB 44,2 %, 110 Oiiblie 3a X BMICT IICHs COHSIIHUKY Ha 24 %.
AHanorivHi pe3yJabTaTy OTpUMaHi i y mapi rpyHTi 20-30 oM, Ae micis monepeaHuKy cadiopy 3adikcoBaHo —
32,6 %, a micns coHsAmHUKY — 16,4 %. BucnoBku. CTpyKkTypa IpYHTY € BU3HAUaIBHOIO Y (hopMyBaHHI TI0-
BITPSTHOTO, BOJHOTO, TIOKHBHOTO Ta iHIIMX PEXUMIB 1 BIUIMBAE Ha OTPUMAHHS BHCOKHX 1 CTAINX YpOXaiB
CLIBCBKOTOCIIOIAPCHKUX KyJbTYp. BcTaHOBIIEHO, 110 HAMOIIBIIKMKA BMICT arperariB arpOHOMIYHO IiHHOT
ctpyktyp (0,2—10 mm) Ha rmbuai 0—10 cM 3adikcoBano micns nonepenxuka caduop. A Ha rimmouHi 10-20 cMm
ta 20-30 cM Kpaii 3HauYCHHS BUSBJICHO MICJIS COHSIIHHUKY. 3TiIHO 31 3HaYCHHAMH KoeQillieHTa CTPYKTYp-
HOCTI, KPaI[UM TOMEPEIHUKOM JUIS )KUTA 03UMOTO € COHSIIIHUK, 3 CEPEIHIM 3HAUCHHSIM I[bOTO KOoedillieHTa
st mapy 0-30 cm 3,6, potu 2,1 — micns cadnopy. Lle mosicHIOeTbCS THM, 1110 COHSIIIHUK 3aBISIKK JJOOpe
PO3BUHEHI KOpEHEBili CHCTEeMi 3HAYHO IOKpAIy€e CTPYKTYpY IPYHTY, IICJIS HBOTO Y IPYHTI 3aJHMIIA€THCS
OlsTbIIIe BOJIOTH TIOPIBHSIHO 3 caduiopoM, HIO CIpHs€E OifbIl iIHTEHCHBHOMY BKOPIHEHHIO 1 MOAANBIIOMY PO-
3BUTKY HACTYITHOI KYJIBTYPH.

Kntouosi cnosa: tpynmosa cmpykmypa, nonepeoHux, capiop, COHAUHUK, HCUMO O3UMe
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